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IRON AND ARSENIC AS INFLUENCING BLOOD
REGENERATION FOLLOWING SIMPLE
ANEMIA
VI. NEGATIVE INFLUENCE OF FAMILIAR DRUGS ON THE CURVE OF
HEMOGLOBIN REGENERATION FOLLOWING HEMORRHAGE
G. H. WHIPPLE and F. S. ROBSCHEIT
SAN FRANCISCO
Is iron of value in the treatment of anemia? Is iron absorbed from
the intestine when given in organic or inorganic form? Such questions
lead to fields of discussion over which has risen the smoke of polemics
and arguments without end. We believe that some of these difficulties
may be cleared away by careful definition of terms. Our experi-
ments deal with secondary anemia due to hemorrhage and not with
chlorosis or any other form of anemia. We have controlled certain diet
factors which can influence profoundly the hemoglobin regeneration
in this form of secondary anemia. We suggest that our critics control
these diet factors before any great emphasis is placed upon drug
factors. It is now established that diet factors are concerned in the
rapid regeneration of hemoglobin, therefore, these facts must be con-
sidered in evaluating any reaction in conditions of anemia.
Chlorosis has been mentioned so frequently in this discussion and
others that we feel it necessary to state that in our opinion this con-
dition does not belong in this group of simple secondary anemias.
Whether this disease reacts favorably to iron therapy is not germane
to this discussion. It seems to be a disease which is becoming much
less frequent in many communities due to modified dietary or living
conditions or other unknown factors. It would be of interest to collect
accurate data on the influence of diet factors alone in this disease.
We do not think it is necessary to review the literature of anemia
and iron therapy. It may be admitted that we have not tested all the
various forms of iron which are being used in the treatment of anemia,
but it seems to us that this is not necessary. We are able to show that
many of the iron preparations commonly prescribed are inert, or, at
least, much less potent than simple diet factors. The burden of proof
now rests with those who claim that one or more iron preparations are
potent in anemia under controlled diet conditions.
Some experimental work has been done in secondary anemia to show
whether or not iron compounds are potent in stimulating the regenera-
From the George Williams Hooper Foundation for Medical Research,
University of California Medical School.
Downloaded From: http://archinte.jamanetwork.com/ by a New York University User  on 06/04/2015
tion of hemoglobin. In much of this work the anemia was produced
by drugs which destroy the red cells in the body and leave the freed
hemoglobin to be stored or used in any way by the endogenous body
mechanism. This type of anemia must not be confused with the type
used in our experiments—that is, anemia due to simple hemorrhage.
This destruction of red cells in the body may be associated with a
storage of hemoglobin radicles somewhere in the body which may be
capable of influencing subsequent hemoglobin regeneration. We hope
to report on this type of hemoglobin regeneration in the near future.
Arsenicals were used in some of our experiments. It seemed best
to include some of this group in this paper because their use in certain
forms of anemia is well recognized. Both Fowler's solution and sodium
cacodylate are inert under the conditions of these experiments.
Objection may be raised to the use of dogs in these experiments
because they are carnivorous animals. The dogs used by us were
raised in our kennels and have been omnivorous since weaning. The
diet on which they thrive is a mixture of food scraps obtained from the
University Hospital. It contains cooked bones, meat, bread, potatoes,
rice, etc. This mixed diet obtains in all resting periods between experi¬
ments. Unless otherwise noted, these animals are active, healthy and
normal in all respects.
EXPERIMENTAL OBSERVATIONS
The general method used in all these experiments has been fully dis-
çribed in the first paper of this series.1 Unless otherwise stated, the
plasma volume has been directly determined by the nontoxic dye,
"brilliant vital red." 2 This dye has been furnished us through the
courtesy of Dr. H. M. Evans of the department of anatomy, and we
are indebted to him for much advice and council. The blood is received
into isotonic sodium oxalate solution, and the ratio of cells and plasma
is determined in calibrated centrifuge tubes. The hemoglobin is deter¬
mined by a modification of the Palmer method described recently by
one of us (F.S.R.).3 Red and white counts are made in the usual
manner from blood obtained by venous puncture. For other details of
this work, we refer the reader to the first paper of this series.1
Paper V of this series * records many experiments in which Blaud's
pills were added to various diets. We wish to refer to this paper for
the details of these experiments. Blaud's pills were inert under these
experimental conditions. It seemed necessary to test out other drugs
1. Whipple, Hooper and Robscheit: Am. J. Physiol. 53:151, 1920.
2. Hooper, Smith, Belt and Whipple: Am. J. Physiol. 51:205, 1920.
3. Robscheit: J. Biol. Chem. 41:209, 1920.
4. Hooper, Robscheit and Whipple: Am. J. Physiol. 53:263, 1920.
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under these same conditions, and the charts giving these data are given
below.
TABLE 82.—tBlood Regeneration—Ferric Citrate



























Diet: Bread and milk
Bled 406 ce.
Bled 406 ce.
j 1,262 ¡ 902 I 848 | 27.6 | 64 | 0.82 | 3,6 | 8,2 | 11.95 | 105
















































































































6,3 I 13.5515.00 125 »Poik. + t120 * Poik. + t
* Poikilocytosis of red blood cells,
t Pood poor in meat.
Table 82 shows the curve of blood regeneration of a standard dog
on a bread and milk diet given ferric citrate subcutaneously. It may be
stated that the same reaction would be expected in the same dog under
identical conditions without the ferric citrate. We can refer to other
experiments on this same dog which show the expected favorable and
rapid blood regeneration on diets of meat and liver. Table 49 of this
series 5 shows the curve of blood regeneration on a diet of cooked meat
scraps. The return to normal was almost complete in three weeks. Also
Table 61 of this series*6 shows the curve of blood regeneration on a diet
of cooked beef liver. The return to normal was complete in two weeks
and somewhat above the initial level in three weeks.
This favorable blood regeneration on this diet of meat or liver is
in contrast to the slow reaction expected on bread and milk or actually
recorded in Table 82 with bread and milk plus ferric citrate.
5. Whipple, Robscheit and Hooper: Am. J. Physiol. 53:238, 1920.
6. Whipple, Robscheit and Hooper: Am. j. Physiol. 53:252, 1920.
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Several interesting points in this experiment should be noted. The
blood per kilo is a very high figure, on the average. This is usually
found in very active dogs which are somewhat below normal in weight.
This dog lost some weight during the bread and milk feeding and the
plasma volume likewise decreased as is common under such conditions.
This accounts, in part, for some of the increase in red hematocrit and
hemoglobin, but is more accurately evaluated in the pigment volume
figures. When the dog is put on forced feeding, there is a remarkable
gain in weight and plasma volume and an actual fall in red hematocrit
and hemogoblin. The pigment volume, however, shows the true values
for hemoglobin production. A hasty survey of these figures might
lead one to erroneous conclusions unless the facts as given are carefully
weighed. This type of experiment shows, too, the necessity of blood
plasma measurements.
TABLE 83.—Blood Regeneration—Ferric Citrate
Dog 19-95. Bull mongrel. Male. Adult
Sag




























Bled 353 c.c. No distress
7/12 722 I 1,052 I 741 | 301 | 0.86 I 4,0 I 11,0 I 12.05 | 87 | * Slight





































































































Diet: Mixed, with extra meat. (No ferric citrate given)
1,632 1,497 80S 674 45.0 109 0.83 6,6 109 I * Slight
Poikilocytosis of red blood cells.
Table 83 shows the influence of ferric citrate given subcutaneously.
We are able to refer to other experiments on this same animal which
have been published. Table 3 of this anemia series 7 gives the curve
of blood regeneration on a mixed diet. It is clear in this experiment
7. Whipple, Hooper and Robscheit: Am. J. Physiol. 53:159, 1920.
Downloaded From: http://archinte.jamanetwork.com/ by a New York University User  on 06/04/2015
that blood regeneration was slow until meat was added in liberal
amounts. The curve of regeneration finally returned to normal. Table
41 gives the blood regeneration curve on a liberal diet of rice, potatoes
and milk. It is ctear that these curves, if anything, are better than the
curve of Table 83. We have established the fact that this rice-potato-
milk diet is slightly more favorable for blood regeneration than a simple
bread and milk diet.
These control experiments under identical conditions make it clear
that the ferric citrate under these experimental conditions is inert. The
curve of regeneration has not been influenced by the administration of
this drug.
TABLE 84.—Blood Regeneration—Ovoferrin





























Diet: 150 gm. bread, 500 c.c. milk, 1 teaspoonful ovoferrin daily
1,065 | 1,287 | 784 | 490 | S3 0.81 | 5,1 | 8,6 | 12.35 | 104 | * Slight
































































I * Slight| * Slight
Poikilocytosis of red blood cells.
Table 84 may, at first sight, be favorable to ovoferrin as influencing
the curve of blood regeneration. On careful analysis, however, we note
very little, if any, change which may be attributed to the drug. Com¬
pare Table 84 with Table 92, an experiment of similar type during
which sodium cacodylate was administered. There is little difference in
reaction. Another experiment on this same dog is recorded (Table 86)
in which a salt mixture containing a small amount of iron was given.
This salt mixture seems to exert a somewhat favorable influence—a
much more decided influence than the iron alone. Therefore, this
minimizes the actual influence of the iron on the hemoglobin regen-
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eration. The ovoferrin (Ferri vitellinum syntheticum) was obtainec
from the University Hospital.
Table 84 shows a sharp jump in hemoglobin, red hematocrit and pig
ment volume during the first ten days following the double bleeding
This is often observed after two bleedings, and has less significan«
than when following three bleedings, which tend to lessen this "reserve
factor." We believe this reaction has little relation to the drug. Dur¬
ing the next three weeks on the drug the pigment volume remain;
unchanged, although there are slight fluctuations in red hematocrit anc
hemoglobin. This means that the "maintenance factor" alone is bein£
supplied. A change to a heavy mixed diet with cooked meat bring;
about little change in hemoglobin and hematocrit values, but the greal
gain in weight is associated with much increase in blood volume anc
actually the pigment volume gives the true picture which is a rapic
increase in actual amount of formed hemoglobin in the body. The
pigment volume almost doubles in this short period, associated with a
gain in weight of 5 kilos. This shows again the necessity of blooc
volume measurement in work of this sort and shows the comparative
value of iron and meat as influencing hemoglobin formation in the bodj
under these conditions. We can attribute little value to the drug but
the meat diet at once shows a striking reaction.
Dog 20-2.
TABLE 85.—Blood Regeneration—Ovoferrin































8/ 2 1,261 71 | 1.10 | 3,2 | 6,8 | 14.46 | 87 |
Diet: 150 gm. bread, 500 c.c. milk, 1 t«aspoonful ovoferrin daily


































































Diet: Mixed.t No ovoferrin
1,858 | 1,795 955I 82:' 104 0.80 | 6,5I 6,0 1 slight
* Poililocytosis of red blood cells.
1 Food poor in meat.
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Table 85 shows a somewhat favorable reaction following two
bleedings. The anemia level in this experiment was not sufficiently
reduced, and a reaction of this type would be expected on bread and
milk alone. Compare this experiment with another on the same dog(Table 90) using Fowler's solution. The change in blood volume is
sti iking when the dog is put on a liberal mixed diet and the correspond¬
ing adjustment of hemoglobin and hematocrit values is of interest.
TABLE 86.—Blood Regeneration—Salt Mixture *

























Diet: Bread and milk
Bled 370 c.c.
Bled 370 c.c. No distress
778 | 1,045 | 732 | 303 74 | 0.95 1 3,9 | 22,6 | 15.55 67
Bled 261 c.e.
11/ 3 661 | 1,030 | 740 | 271 | 26.3 | 64 | 0.97 [ 3,3 | 16,8 | 15.35 | 67 |






















































































Beginning dietary deficiency disease. Recovery.
* Salt mixture No. 185 (McCöllum and Simmonds;" NaCl, 8.65 gm.; MgSOi (anhydrous),
13.30 gm.; NaHsPO-iHaO, 17.35 gm.;  2   4, 47.70 gm.; CaH-KPOih^O, 27.00 gm.; Fe
citrate, 5.9 gm.; Ca lactate, 65.0 gm. Iron equivalent to 64 mg. or 0.96 gm. daily.
t Poikilocytosis of red blood cells.
Tables 86, 87 and 88 show experiments which are much alike but
present minor differences. This salt mixture (McCollum and Sim¬
monds) contains per 2 gm. dose ferric citrate amounting to 64 mg.
We note, in general, a somewhat more favorable reaction than is to be
expected on this same diet without the salt mixture. This reaction
is much like that observed on a liberal diet of rice, potatoes and milk.
The regeneration during the first two weeks is quite rapid, but the
return to normal is never complete, and the dogs show little change
during subsequent weeks, the hemoglobin, red hematocrit and pigment
volume showing minor fluctuations but remaining subnormal. It may
well be debated that this favorable reaction is not to be attributed to the
iron salts but to one or another of the many salts in this mixture. We
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hope to make observations on the influence of various salt mixtures with
and without iron, both organic and inorganic.
Two dogs developed a characteristic dietary deficiency disease after
a period of several weeks. This condition will be discussed at length
in a future publication.
TABLE 87.—Blood Regeneration—Salt Mixture t
































Bled 330 ce. No distressBled 330 c.c. No distress
848 | 1,072 | 732 I | 30.8 | 79 | 1.01 | 3,9 | 28,6 | 13.35 | 80 |
11/ 1 Bled 268 c.c.
11/ 1 617 984 | 712 25:1 25.7 | 63 | 1.10 | 2,8 | 22,0 | 13.00 | 76 |















9,6 12.50 I 79
5,2 12.10 | 93































































































104 | * Poik. 4-
102 I * Poik.
100 |«Poik.













* Poikilocytosis of red blood cells.
t Salt mixture No. 185 (McOollum and Simmonds).
Table 89 is of much interest because we have control observations
on the same dog. Fowler's solution has no effect whatsoever when
given daily. The curve of hemoglobin regeneration shows -a very slow
rise from week to week, only approaching normal after five or six
weeks. The normal level is never reached during the period of twelve
weeks during which Fowler's solution is administered. A transfer to
a period of larger food intake without Fowler's solution shows minor
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fluctuations from week to week during a period of four months. It is
unusual for a dog to tolerate this limited diet for this length of time
without any symptoms of dietary deficiency disease.
TABLE 88.—Blood Regeneration—Salt Mixture *































Diet: Bread and milk
Bled 375 c.c.
Bled 375 c.c. No distress
10/31 866 | 1,111 | 760 | 334 0.1 | 78 | 0.93 | 4,2 \ 21,6 1 16.35 | 68 |
11/ 1 Bled 278 c.c.
11/ 3 726 | 1,052 702 285 27.1 | | 0.96 | 3,6 | 14,8 | 10.20 | 65 |

















0.80 6,4 | 12,412,2 16.35 | 76 |15.75 | 89 |t Slight










































* Salt mixture No. 185 (McCollum and Simmonds).
t Poikilocytosis of red blood cells.Í Distemper and dietary deficiency disease. Recovered.
Control observations on this same dog (Table 60s) show the favor¬
able influence of a diet of cooked liver under similar conditions. Hemo¬
globin regeneration is complete within three weeks. This gives a
striking example of the beneficial effect of certain diet factors as con¬
trasted with certain drugs.
Table 90 shows the negative effect of Fowler's solution on the new
hemoglobin regeneration. The drug is given over a period of twelve
weeks. The first week shows a sharp rise which is common in such
experiments. Thereafter little increase is noted from week to week.
The pigment volume remains unchanged after the first three weeks.
Compare other similar experiments on this same dog cited above,(Tables 85 and 88).
Following the long period of bread and milk diet, plus Fowler's
solution, the dog was given a liberal mixed diet. As is not infrequent
after long periods of limited diet, we note an actual fall in hemoglobin
8. Whipple, Robscheit and Hooper: Am. J. Physiol. 53:251, 1920.
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which in this case is due to the great gain in weight and increase in
plasma volume. The following two weeks show continued gain in
weight, increase in plasma volume, hemoglobin and red hematocrit.
This illustrates the favorable reaction, even following a prolonged
limited diet period, which follows a mixed diet rich in meat.
TABLE 89.—Blood Regeneration—Fowler's Solution





























I 34.0 I ... I
Bled 325 c.c.






























































































































































































































































Poikilocytosis of red blood cells.
Table 91 shows that another arsenical, sodium cacodylate, is inert
under these conditions. The curve of blood regeneration rises slowly
and uniformly during 11 weeks but never returns to normal. This
reaction' is typical of many recorded for bread and milk alone. A
change of diet gives a prompt increase in all hemoglobin figures and
the normal level is reached in three weeks. Under such conditions this
reaction to meat may not be as prompt, but it illustrates this favorable
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reaction in contrast to the negative influence of this drug, sodium
cacodylate.
TABLE 90.—Blood Regeneration—Fowler's Solution

































662 | 1,350 | 1,047 | 289 1 21.4 | 49 | 0.84 | 2,9 | 33,4 | 17.00 |
Diet: 150 gm. bread, 500 c.c. milk, 2 drops of Fowler's solution
1,180 | 1,370 | 803 | 554 | 40.5 | 86 | 0.81 | 5,3 | 7,0 I 15.85 |



















































































































Diet: 100 gm. bread, 300 gm. meat scraps, 500 c.c. milk. Fowler's solution discontinued
6/ 46/11 1,395 1,545 875 OSO 44.0 0.57 o.o 15.75 | * Poik.























Poikilocytosis of red blood cells.
Table 92 confirms the reaction noted in the preceding Table 91.
We believe there is not a bit of evidence that the sodium cacodylate
has any effect upon this reaction. There is every reason to believe
that an identical reaction would have been observed in this experiment
had the drug not been given. Compare Table 86 above, in which a
more favorable reaction is associated with the oral administration of a
standard salt mixture (McCollum and Simmonds).
SUMMARY
Iron in the form of Blaud's pills is inert when given under con¬
trolled conditions in anemia periods under the conditions of these
experiments (Paper V of this series*).
Downloaded From: http://archinte.jamanetwork.com/ by a New York University User  on 06/04/2015
The anemia is produced by hemorrhage, and the curve of regenera¬
tion followed week by week, the dogs being maintained on a fixed diet.
Iron in the form of ferric citrate (subcutaneously) and ovoferrin
(orally) has no significant effect on the curve of hemoglobin regenera¬
tion under controlled conditions.
TABLE 91.—Blood Regeneration—Sodium Cacodylate



































3/10 1,170 | 924 | 234 | 20.0 | 44 | 0.77 | 2,9 | 13,6 | 13.40 | 87 |




























































































































Diet: 100 gm. bread, 300 gm. meat scraps; 500 c.c. milk. Sod. cacodylate discontinue«
6/ 4




106 0.58 9,1 I 6,0 . I
...
I
14.10 | 117 I* Poik.





















* Poikilocytosis of red blood cells.
Iron forming a part of a standard salt mixture (McCollum and
Simmonds) may be concerned in a somewhat favorable anemia reac¬
tion, but e\'en this reaction is not surely related to the iron salt. At
best this reaction does not compare favorably with those recorded in
association with certain potent diet factors.
Iron in the form of hemoglobin (organic iron) may be concerned
in the somewhat favorable reaction observed following the administra¬
tion of hemoglobin orally, intraperitoneally or intravenously. But the
iron may be less concerned in this reaction than the pyrrol complex
(Paper V of this series 4).
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Arsenic in the form of sodium cacodylate or Fowler's solution is
inert in these same anemia periods. No drug has been tested which
can compare with the meat factors in stimulating a rapid regenera¬
tion of hemoglobin during these anemia periods induced by simple
hemorrhage.
TABLE 92.—Blood Regeneration—Sodium Cacodylate



























1,320 I 1,009 I 294 49 | 0.! 2,6 | 30,8 | 16.40 | 80 |


































































































































5/29 Diet: 100 gm. bread, 300 gm. meat scraps, 500 c.c. milk. No sodium cacodylate
6/ 4









14.20 I 114 |
















7,9 | 12,410 0 14.65 I 113 |15.75 I 105 |I I
* Poikilocytosis of red blood cells.
These carefully controlled experiments give no support to the
time honored custom of administering iron and certain other drugs in
conditions of simple anemia. The burden of proof now rests with
those who claim that any given drug is potent under such conditions.
In such experiments or clinical observations the diet factors must be
carefully studied. We believe it will be of much clinical importance to
record accurate observations in human cases, giving particular atten¬
tion to a variety of diet factors.
9. McCollum and Simmonds: J. Biol. Chem. 33:63, 1918.
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